C erviCal spondylotic myelopathy (CSM) is the leading cause of spinal cord dysfunction. 17 The spinal cord in CSM is compressed because of the degeneration of intervertebral discs and the secondary degeneration of stable structures, such as the uncovertebral joint, facet joint, posterior longitudinal ligament, and ligamentum flavum. 4 Because compressive lesions leading to cervical myelopathy usually arise anteriorly, proponents of anterior surgery cite as advantages the ability to directly remove the majority of compressive lesions in the cervical spine, a muscle-sparing dissection, which results in minimal postoperative pain, and the ability to correct and decompress the cord over kyphotic lesions. 13 In CSM patients with more than 3 affected spinal cord segments, the posterior approach looks attractive given the accelerated complication rates associated with anterior surgery and especially fusion-related problems with long strut grafts to reconstruct multilevel corpectomies. obJect Posterior cervical surgery, expansive laminoplasty (EL) or laminectomy followed by fusion (LF), is usually performed in patients with multilevel (≥ 3) cervical spondylotic myelopathy (CSM). However, the superiority of either of these techniques is still open to debate. The aim of this study was to compare clinical outcomes and postoperative kyphosis in patients undergoing EL versus LF by performing a meta-analysis. methodS Included in the meta-analysis were all studies of EL versus LF in adults with multilevel CSM in MEDLINE (PubMed), EMBASE, and the Cochrane library. A random-effects model was applied to pool data using the mean difference (MD) for continuous outcomes, such as the Japanese Orthopaedic Association (JOA) grade, the cervical curvature index (CCI), and the visual analog scale (VAS) score for neck pain. reSultS Seven studies comprising 302 and 290 patients treated with EL and LF, respectively, were included in the final analyses. Both treatment groups showed slight cervical lordosis and moderate neck pain in the baseline state. Both groups were similarly improved in JOA grade (MD 0.09, 95% CI -0.37 to 0.54, p = 0.07) and neck pain VAS score (MD -0.33, 95% CI -1.50 to 0.84, p = 0.58). Both groups evenly lost cervical lordosis. In the LF group lordosis seemed to be preserved in long-term follow-up studies, although the difference between the 2 treatment groups was not statistically significant. coNcluSioNS Both EL and LF lead to clinical improvement and loss of lordosis evenly. There is no evidence to support EL over LF in the treatment of multilevel CSM. Any superiority between EL and LF remains in question, although the LF group shows favorable long-term results.
The posterior surgery techniques for cervical myelopathy have considerably evolved over the past 40 years. In the past, decompressive laminectomy alone was regarded as the gold-standard treatment for multilevel cervical myelopathy. However, postlaminectomy complications, such as kyphosis and segmental instability, have required additional fixation using lateral mass screws.
9,17 Currently, laminectomy followed by lateral mass screw placement and fusion (LF) or expansive laminoplasty (EL) is usually performed as a posterior cervical surgery for CSM. Laminectomy followed by fusion is associated with low rates of kyphosis and segmental instability as compared with those for EL. However, LF alters normal cervical biomechanics, as axial and rotational forces are no longer physiologically distributed to subjacent spinal structures. 17 Expansive laminoplasty preserves motion with less substantial alterations to the natural biomechanics of the cervical spine. In turn, EL creates less extensive cord decompression as compared with laminectomy and reduces the range of motion to approximately 40%. 8 Previous studies have demonstrated favorable clinical outcomes after LF, but not after EL 7, 17 or vice versa. 5, 11 Other studies addressing the superiority of one technique over the other have shown controversial results. 1, 12, 18, 19 The aim of the present study was to compare improvements in myelopathy, the development of postoperative kyphosis, and the prevalence of axial pain in patients undergoing EL or LF by using a meta-analysis.
methods information Sources
Eligible studies had to include adults with CSM who had undergone EL or LF. Our outcomes of interest were as follows: neck pain, functionality, kyphosis. We performed a computerized search of the MEDLINE (PubMed; 1950 to July 2013) and EMBASE (1980 to July 2013) databases and the Cochrane Central Register of Controlled Trials (Issue 7 of 12 July 2013). Eligible studies had to include the words "cervical," "laminectomy," and "laminoplasty." We restricted the search to adult humans but not to any specific language(s). We removed duplicate articles and reviewed titles and abstracts. Studies meeting the following criteria were included in this analysis: 1) those comparing EL with LF; 2) those including patients with CSM caused by multisegmental spinal stenosis (≥ 3 segments); and 3) those comprising patients who underwent EL or LF. We also searched the bibliographies of relevant articles to identify additional studies. A paper "in press" was included. 10 Two reviewers independently assessed the eligibility of all studies retrieved from the databases. Any disagreement between the reviewers was resolved through discussion. From the studies included in the final analysis, we extracted the following information: 1) study design; 2) country of origin; 3) patient demographics; 4) length of follow-up; 5) patient distribution for each group; 6) mean (and standard deviation) Japanese Orthopaedic Association (JOA) grade before and after posterior surgeries; 7) mean (and standard deviation) visual analog scale (VAS) score before and after the surgeries; and 8) mean (and standard deviation) cervical curvature index (CCI), also referred to as the Ishihara index, before and after the surgeries. When necessary, we contacted corresponding authors of the eligible studies to obtain additional data or clarification. 10, 17 We assessed the bias risk using the Cochrane Collaboration's "risk of bias" tool in a randomized controlled study and a modified form of the Newcastle-Ottawa Scale for nonran- domized studies. 6, 16 At least 2 researchers independently assessed the risk of bias, with disagreements resolved through discussion.
Statistical analyses
To analyze surgical effectiveness via continuously distributed outcomes (JOA grade, VAS score, and CCI), we calculated the mean differences (MDs) between scores obtained preoperatively and those obtained postoperatively in both the EL and the LF groups. We estimated the MD with a 95% confidence interval (CI) based on both fixed and random-effects models. Because we observed high heterogeneity in most analyses, we reported the MD with the 95% CI based on random-effects models. A funnel plot was constructed and the Egger test was performed to assess for the presence of publication bias. All statistical tests were performed using R software (version 3.0.1, The R Foundation for Statistical Computing). A p value < 0.05 was considered to indicate statistical significance.
results

Search results for relevant Studies
An initial search using the subject headings identified 418 studies in MEDLINE, 383 studies in EMBASE, and 8 studies in the Cochrane Central Register of Controlled Trials. One paper was identified through hand searching.
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Among these 810 studies, 241 duplicated articles were excluded. Among the 569 remaining studies, 126 did not deal with human subjects and 417 papers were case reports, technical notes, or review articles; therefore, these 543 papers were excluded after reviewing article titles and abstracts. The remaining 26 studies were subjected to a full-text review. An additional 19 studies were subsequently excluded as these analyses were not comparative studies (18 papers) or they used an incompatible scoring tool (1 paper). Finally, a total of 7 studies were included in the meta-analysis (6 English papers and 1 Chinese paper). 2, 7, 10, 11, [17] [18] [19] The detailed selection process is shown in Fig. 1 .
The 7 studies comprised a total of 592 patients (302 patients in the EL group, 290 patients in the LF group). The mean ages were 56.2 and 58.9 years in the EL and LF groups, respectively. Approximately 68% and 64.4% of the patients were male in the EL and LF groups, respectively. Table 1 shows general information about the 7 studies included in this analysis. The countries in which the studies were conducted included the United States (n = 3), China (n = 3), and the Republic of Korea (n = 1). Because the EL and the LF groups in comparative studies matched in terms of cervical lordosis and neck disability, the 2 groups did not show significant differences in JOA grade, VAS score, and CCI at the baseline state ( Table 2 ). The average JOA score at baseline was 9.35 in the EL group and 9.31 in the LF group, while the preoperative VAS score was 3.83 and 3.67, respectively. The average CCI at baseline was 5.29 in the EL group and 3.45 in the LF group. The minimum follow-up period ranged from 6 months to 4 years.
comparison of 2 posterior Surgeries
Both the EL and LF groups showed improved JOA 
Fig. 2. Mean differences in changes in JOA (upper) and VAS (lower) scores after EL and LF in the random-effects meta-analy-
sis. Both groups show a slight difference in JOA and VAS scores, although the difference was not statistically significant.
scores from 9.35 to 13.86 and from 9.31 to 13.71, respectively. In the random-effects meta-analysis of 6 studies, no significant difference in the JOA score was observed between the 2 surgical methods, as shown in Fig. 2 (MD 0.09, 95% CI -0.37 to 0.54, p = 0.07, I 2 = 79.6%). Axial neck pain VAS in the EL and LF groups improved similarly from 3.83 to 2.23 and from 3.67 to 2.13, respectively. The meta-analysis revealed that the VAS score for the EL group was more improved than that for the LF group, as shown in Fig. 2 (MD -0. 33, 95% CI -1.50 to 0.84, p = 0.58) with high heterogeneity (I 2 = 90.8%). Because of publication bias, analysis of the VAS score may diminish the reliability of the results (p = 0.02, Egger test).
Two analyses of CCI were performed: one for all studies with available data (5 studies) 8 and another including only the studies with a reported follow-up of at least 18 months (3 studies). The CCI of the EL and LF groups changed from 5.29 to 4.08 and from 3.45 to 2.92, respectively (Table 2 ). In the studies with follow-ups ≥ 18 months, the CCI decreased -2.04 in the EL group and -1.05 in the LF group. There was no statistically significant difference in lordotic alignment preservation between the EL and LF groups, as shown in Fig. 3 (MD -0.01, 95% CI -0.09 to 0.07, p = 0.85). Because of high heterogeneity, we applied the random-effects model (I 2 = 88.2%). As postoperative cervical kyphosis is a long-term complication, studies with follow-ups < 18 months were excluded. Subgroup analysis showed that the CCI for the LF group was reduced less than that for the EL group (MD -0.98, 95% CI -2.20 to 0.23, p = 0.112) with high heterogeneity (I 2 = 92.2%). Although the difference in the decrease in CCI between the 2 groups increased in the long term, that difference was not statistically significant.
publication bias
Funnel plots were constructed for changes in JOA, VAS, and CCI in Fig. 4 . The Egger test was calculated as -1.64 (p = 0.27), -5.70 (p = 0.02), and -2.37 (p = 0.19) for JOA, VAS, and CCI, respectively. The funnel plots demonstrated a slight asymmetry in JOA and CCI, which indicated a reliable analysis. However, the funnel plot for VAS demonstrated substantial asymmetry, and the Egger test revealed substantial bias (p = 0.02), which may indicate an underpowered analysis.
discussion
Although both EL and LF are known to be safe and effective treatments for CSM in the neutral cervical spine, we found that LF is usually performed in North America. 15, 17 In contrast, Asian spine surgeons developed EL and usually prefer it. Strict indications for LF and EL differ according to cervical lordosis and instability. 13 However, a fair number of patients showed a neutral cervical spine, and there was no priority between EL and LF. Some investigators have demonstrated that laminoplasty can be performed with acceptable neurological recovery when local kyphosis measures ≤ 13° preoperatively, 14 whereas others have shown that laminoplasty is not routinely recommended for patients who do not have at least neutral to slightly lordotic alignment preoperatively. 13 In this meta-analysis, all enrolled studies matched patients and showed similar scores on the JOA scale, VAS, and CCI in the 2 treatment groups at baseline. A majority of the patients revealed neutral to slightly lordotic cervical angles, mild to moderate myelopathy, and moderate neck pain. Both groups showed similar improvements in myelopathy, according to the JOA score, and in neck pain. This study showed no clear superiority between the EL and LF groups after surgery according to the JOA and neck pain VAS scores.
However, some studies reported opposite results in both the JOA and the VAS analyses; some studies favored EL, whereas others favored LF. There are a few potential explanations for the contrasting results, including the different effects of surgery in different patient populations, small or poor-quality studies, or random variation around a small true effect, among others. However, one might expect that, with an appropriate diagnosis and adequate decompression, similar average improvements on the JOA scale would be observed. On the other hand, the VAS pain scores are likely to be more sensitive to differences in patient populations.
The overall sagittal alignment changed to kyphosis, regardless of the surgical method. There was no substantial difference between the EL and LF groups. In the subgroup analysis of studies with follow-up periods of 18 months or more, the LF group may have had results superior to those in the EL group in terms of preserving lordosis in the long term. This different result in the subgroup analysis was caused by the relative weighting of the studies in the overall versus the long-term follow-up analysis. In the overall analysis, the studies of Zhang et al. 19 and Lee et al. 10 had very low weights (less than 2% for each), whereas in the long-term follow-up analysis they were weighted almost equally with the study of Yang et al. 18 (approximately 30% each). The reason for this difference was that the study by Woods et al., 17 which had a very narrow standard deviation, was excluded in the long-term follow-up analysis. In the literature review, LF was also generally recommended over EL for patients who did not have at least neutral to slightly lordotic alignment preoperatively.
3,13,17
Study limitations
Our study has some important limitations that must be considered when interpreting the results. Preoperative lordotic alignment was worse in the LF group than in the EL group. Although a significant difference in preoperative CCI was not observed, the surgical indication was slightly different. However, each comparative study already considered this point and included a matched patient group. As an additional limitation, EL has different techniques, such as open door and French door; however, these differences were not considered.
conclusions
There is no strong evidence to support EL over LF in multilevel CSM patients with neutral lordotic alignment. Both EL and LF may result in clinical improvement and a similar loss of lordosis. The superiority of either EL or LF remains in question, although the LF group showed favorable results in preserving lordosis over the long term. 
